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Compositional Mapping

Determine Surface Composition from Orbit ,,in-situ”




Compositional Mapping

Ejecta Clouds

Earth
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The Next Best Thing to a Lander




: Ejecta Clouds

Galileo Dust Detector:

Galilean Satellites
Wrapped in Dust Clouds

(Kruger et al., Nature, 1999)
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Galileo Dust Detector: Almost Isotropic Clouds
Galilean Satellites Composed of Surface
Wrapped in Dust Clouds Ejecta

(Kruger et al., Nature, 1999)



Ejecta Production

Meteoroid Impacts
Produce Surface Ejecta

Sremcevic et al,, Icarus, 2005

Mass Yield ~ 4000

Koschny & Grun, Icarus, 2001; Krivov et al., Icarus, 2003



Ejecta Production

Meteoroid Impacts Ejecta Escaping from
Produce Surface Ejecta Moon's Gravity feed Rings
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Mass Yield ~ 4000

Koschny & Grun, Icarus, 2001; Krivov et al., Icarus, 2003



Dust Composition

Cassini Dust Detector CDA Composition of Enceladus
Plume Particles

NASA/JPL/Space Science Inst.



Enceladus Dust Composition
Co-Added CDA
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| Spectrum:
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The Enceladus Ocean

lcy Grains

‘-, & Gas ,Soda“ Ocean

Rich in Carbonates




Ejecta Backtracking




Ejecta Backtracking




Ejecta Backtracking

® Impact
splashes up multiple
ejecta




Ejecta Backtracking

® Impact
splashes up multiple
ejecta

® Satellite moves relative
to ejecta:

= Ve - Voar (RApex)




Ejecta Backtracking

Ve

Ysat
Vi
Ejecta
x(t) = f(x0,v0,Qd,Prn,...) ® Impact
splashes up multiple
ejecta

® Satellite moves relative
to ejecta:
= Ve - Voar (RApex)

® Know Starting Position:
xo= f(>¢;,v,Qd(ti), ti,...)




CDA Measures Velocity of
Charged Dust

vd = 4.3 km/s Rg=0.6 um



Dust Orbit Reconstruction
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Dust Orbit Reconstruction
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SUrface Dust Analyzer (SUDA)

® Mass Spectrometer:
® Mass Resolution ~ 200 (600)
® Electrostatic Mirror:
® Parabolic Grid
® Ring Electrodes
® + Polarity

® Trajectory Sensor:

® Velocity (1% Uncertainty)



UDA Composition Map

Bright-rayed Crater Tros on
Ganymede (90 km)




SUDA Composition Map

Bright-rayed Crater Tros on MC Simulation for SUDA
Ganymede (90 km) Compositional Mapping




SUDA Will Collect

Ganymede Mission Phase:

5000 km 6 per hour | 3,000
500 km / per minute 1,000,000
200 km 29 per minute 1,400,000
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SUDA Will Collect

Ganymede Mission Phase:

Altitude Impact Rate | Total Sample #
5000 km 6 per hour 1 3,000

500 km / per minute 1,000,000
200 km 29 per minute 1,400,000

During Flybys:

Flyby Impact Rate | Total Sample #

Europa 400 km | 3 per second 5,800

Callisto 200 km | 80 per minute 2,200

Ganymede 300 km| 2 per second 3,800




SUDA Prototype
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Hillier et al., GRL, 2012
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SUDA @ Ganymede

Water + MgSO4

Cations Anions
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Laser—assisted dispersion spectra of MgSO4 at a concentration of 0.1 ppm in water



SUDA @ Ganymede

Argenine + Water (Cations)
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Laser—assisted dispersion cation spectrum of the amino acid arginine (CsH 4N4O>)
dissolved in water at a concentration of 10 mol/l.



SUDA Key Parameters

Instrument 7.1 kg
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Cassini CDA

m/Am<50

Mg*

Fe*

Interstellar Dust Spectrum



Cassini CDA
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Cassini CDA
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Interstellar Dust Spectrum



Cassini CDA

m/A_'m<—i.50

Interstellar Dust Spectrum Lab: Orthopyroxene



Cassini CDA

m/Am<50
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Interstellar Dust Spectrum Lab: Orthopyroxene



Cassini CDA
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Interstellar Dust Spectrum Lab: Orthopyroxene



Cassini CDA SUDA: Reflectron  DOTS: Orbitrap
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Interstellar Dust Spectrum Lab: Orthopyroxene
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Poss

® Sensitive Area: 20 cm?
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